No 
| 2017 








i y mrnlieya tf > ™ INO hin 7 om, me ir we D 
D U . U D 7 
Z 


rT Safety of Technogenic and Natural Systems 


_ " Oo : “7 mM w ala al 


pO coer 





VJIK614.8.086 
DOI 10.23947/2541-9129-2017-2-12-22 


YUET MACLIITABHOLO ®AKTOPA 
TPH IKCHEPHMEHTAJIBHBIX 
HMCCJENIOBAHHAX MOJEJIEN 
MPOTHBOYJIAPHBIX YCTPONMCTB UIA 
3ALIUTbI CYCTABOB 


O. B. Nenucoe, A. E. Honomapee, 
FO. C. Anexkceeéa 


JJoHCKONM TocyapcTBeHHbIN TEXHHYeCKHM YHUBEpCHTeT, I. 
Poctos-Ha-J[ony, Poccuuickaa Deyepauna 


OV D63 @mail.ru 
ae_ponomarev @mail.ru 


Ilenb10 §=padorTsI 
MacluTaOHOoro (akTopa pw MojleIMpoBaHuu 


ABJIACTCH OUCHKA BJIMAHWA 


IIPOTHBOYTapHOroO IIICMCHTa OOK bl Ha OCHOBC 


ciaBa = c 92ddekTOM naMaATH (QOpMBI. 
PaccmotTpeHa TeXHH4eCKad BO3MO%KHOCTb 
9IKCTpanouAWHH pe3yJIbTaTOB 


9IKCICPMMeHTAJIbHbIX MCCIeCOBaHHH Ha MWHbIe 
OObEKTHI JIA (POPMHPOBAHHA HMCXOHbIX JaHHbIx 
MaTeMaTHyecKon MOJIeIH MHaMUKu 
qedopmManun 


IIPOTHBOYapHbIX YCTPOMCTB TIpH coOsOTeHHu 


yupyronsacTu4eckou 


TOOOuUA OCOOCHHOCTeH BHEIIHerO Harpy2KeHHA. 


KunoueBble CJI0Ba: TpOTHBOYAapHad 3allluTa, 
nedopmansa, 9%2)dextT 
TaMATH (POpMBI, 3alll[uTa CyCTaBOB, MaCIITaOHbIi 
(bakTop. 


BBeyenne. 


yllpyro-lmlacTuyeckaa 
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JIeMCTByeT HalMOHabHbm cTanyzapT TOCT P 
54934— = 2012 


Oe30lacHoOcTH Tpyqa UW OxpaHbl 


HacTOALIMH MOMCHT 


«CHCTEMBI MeHeJ2KMeHTa 
3[OPOBbs)». 
OyHakO aHasIv3 CTAaTHCTHYeCCKHX JIAHHbIX B ITOM 
OOacTH NOKa3bIBaeT POCT MpodeccuoHalbHou 
4YTO OCHOBHOM 


3a00JIeBaeMOcTH. BbiaBseHo, 


lIpwvu4nHon lIpodeccuoHalIbHou aTOIOrMu 
ABIIAIOTCA HEKOM@OpTHbIe YCOBHA Tpyyqa, a 
TakoKe OTCYTCTBHe, HH3Kad IPMeKTHBHOCTh UJIU 
OTCYTCTBHe Yy paOOTHHKOB WHAMBUyasIbHbIx 


CpeXCTB 3allMTbI. Cpe 3alMTHBIX CpeJCTB, 
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The aim of this paper is to evaluate the scale 
factor influence in the modeling of shockproof 
clothing on the basis of an alloy with shape 
memory effect. The article considers technical 
possibility of extrapolation of experimental 
results to other objects to generate the initial data 
of the mathematical model for dynamics of 
elastic-plastic deformation of the shockproof 


device with similarity of features of the external 


loading. 
Keywords: shockproof, elastic-plastic 
deformation, shape memory effect, joints 


protection, scale factor 


standard GOST R 
54934— 2012 "Health management systems and 


Introduction. National 


occupational safety" is currently in force in 
Russia. However, the statistical data analysis in 
this field shows the growth of professional 
morbidity. It is revealed that the main cause of 
occupational diseases is uncomfortable working 
conditions, as well as the lack of or low efficiency 
of personal protective equipment. Among the 


protective equipment that has been successfully used 
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yYCHeIuHO TpMMeHAIOMMxcA B WpodusakTuKe 
TpaBM, HeOOxXOJMMO OTMeTHTb TpOTHBOYapHble 
IIpHcnocoOsIeHuaA — HaKOJICHHHKH, 3JIAaCTHUHBIe 


HWOBASKHW, a TaKKe IW IaCTHUHbI] WilaCTHUHUAaATbIX 


yIIpyruMu 
971aCTH4UHBIMH OaHaaxKamMu. HeqoctaTKkKaMu Takux 


pa3beMOB, COeJIMHeEHHBbIe 


MOoyeneH CTaIM pa3Mepbl, CJIOKHOCTb HU 


JOpOroBu3Ha UCIOJIHCHHA, +HEBO3MO2%KHOCTB 
YOOHO HU ObICTPO H3MCHATS MeCTO (UKCalMu Ha 
onex ye [1-4]. 

Mojewp 
OeK II. 


QJIEMeHT Oex%KTbI (pvc. 1), IpeAcTaBIAFOMIMH U3 


IIpOTHBOYAapHOorO =. Ie MeHT a 


Pa3pa0oTaHHbI MpoTHBOYapHbii 


ceOa Kpellalllyioct C TOMOLM[bIO 3aCTé*KKU- 
NMMyY4KH WU 3all[MTHO-J]eKOpaTHBHOrO KulataHa 
HaklaKy, COJIeEpxKUT OCHOBY B BU e cliMpasen U3 
9KBHaTOMHOrO THTaHO-HHKesIeBOrO cliaBa Cc 
39ddekTOM TamaTu PopMbI. OcHOBa BBINOJIHeHa B 
Bue CluMpalen MpOBOJIOKH MWIOCKOrO CeyYeHHA C 
puckamu WO BCcei JIMHeE MW BKIOUcCHA HJM 
MHTerpupoBaHa B IIAaCTH4YHbIN WedopMupyeMbli 
CWJIMKOHa. ITO 


IIICMCHT U3 WO3BOIACT 


OCYIIECTBUTb OTHOCHTeJIBHYIO 
IIPOCTpaHCTBeHHy!O (uKcCalMIoO §=6CHuMpasiw—siB 
OCHOBe, OOecHe4uHuTb TpeOyemMoe paccTOAHHe 
M@K]Y BUTKAMM CIIMpali, a TaKXKe YAACTBOBATh B 
MOMIomeHHu 2HepruMuH yyapa. OcHoBa c JIByx 
CTOPOH IIOKpbITa llepdopupoBaHHowt 
TENJONPOBOTAIIeEH JIGHTOM Ha OCHOBe MeJIHOrO 
ciuyiapa, c C- unm [l-oOpa3HbIMu «emecTKaMM)). 
C OHOM CTOPOHbI OHA CHaO%*KeHa TeKCTHJIbHOM 
3aCT@KKON-JIMINY4KOH, a C Apyrow — TKaHb 
UMeeT IleeBoe NepdopupoBaHne. 

B kauecTBe 9KCIeCpMMeHTAaJIbHBIX MOeen 
IIpOTHBOYapHoro IIpHcnocoOsIeHHu4A 


UYCHOJIBSOBaH IIPOTHBOYapHbIu ITICMCHT C 


OlipeyesIeHHbIMM = radapHTHbBIMM = pa3MepaMu: 


yMaMeTp cimupaw, WupwunHa U- TOMMHAa 


IIDOBOJIOKH, War MOKTY BHUTKAMW HW MOKITY 


clMpaslamu. 
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for the prevention of injuries, such of them as knee 
pads, elastic bandages, and plates of flat-like 
connectors put together by elastic bandages should 
be mentioned. The drawbacks of such models are the 
size, complexity and high cost performance, the 
inability to conveniently and quickly change the 


place of fixation on clothes [1-4]. 


The model of shockproof clothing. The 
designed shockproof item of clothing (Fig. 1), 
which is a plate fastened by a hook and pile 
fastener and a_ protective-decorative valve, 
contains the basis in the form of spirals of 
equiatomic titanium-nickel alloy with shape 
memory effect. The basis is made in the form of 
wire spirals of flat cross-section with marks along 
the entire length and it is included or integrated 
into the silicone deformable elastic element. This 
makes it possible to have the relative spatial 
fixation of the spiral at the base, to provide the 
required distance between the spiral turns, as well 
as to participate in impact energy absorption. The 
both sides of the base are covered with perforated 
thermally conductive tape based on copper alloy, 
with a C - or U-shaped "petals". On the one side it 
has textile hook and pile fastener, and on the 
other side the fabric has slit perforation. 

As experimental models of shock devices we 
have used the shockproof element with specific 
dimensions: spiral diameter, width and thickness 


of wire, spacing between the turns and between 


the spirals. 
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Puc. |. Cxema kpeluieHua lmpoTuBoyyzapHoro Fig. 1. Scheme of fastening of shock-proof item of 


OIEMCHTA OOK BI: clothing: 1 — shockproof element; 
| — mpoTuBoyapHbiit SeMeHT; 2 onexK Ta; 2 — clothing; 3 — hook and pile fastener; 4 — textile 
3. — 3acTexKa-lIMiyuKa; 4 — _  TKaHeBOH 

i. protective-decorative valve; 5 asis of the shockproof 
JICKOPTHBHO-3all[MTHBIM ~=KIanaH; 5S — OcHOBa 


MIpOTHBOYapHOro SeMeHTa O/e%K EI; item of clothing; 6 — cross section wire spirals; 


6 — cliMpasiu NpOBOJIOKH Ce4deHHA; 7 — silicone deformable element; 8 — spiral turns; 

7 — CHJIMKOHOBbIM JE@OPMUPyeMBbIi 3JICEMeHT; 9 — heat-conducting tape; 10 —"petals" of the heat- 
8 — BHTKH ciMpaiu,; 9 — TenJONpoBosAMas conducting tape; 11 — fabric with slotted holes; 
nenta; 10 — «nenecTKH» TelmompoBozamen 


12 —fabric slit perforation 
neHTbI; | | — TKaHb Cc IesIeEBbIMH OTBEPCTHAMH; 





12 — meseBoe nepdopupoBaHne TKAHU 


IIpuMenenne mMacwmiradHoro = dakrTopa. The application of the scale factor. After the 
Hocae oopadorKH pata Pao)eeeror processing of a number of results of experimental 
9KCIEPHMECHTOB oOpa3Il0B Ha OCHOBe 


samples on the basis of equiatomic alloy with 
9KBHaTOMHOrO ciiaBa c 93ddekKTOM TWaMaATH 


(bopMsI nosyyena cuctema 6e3pa3MepHEIx shape memory effect, we obtained a system of 


KOMIIICKCOB, KOTOPBIC OCTaTOUHO  MOHO dimensionless groups that adequately describe the 


ONMCbIBaIOT yIIpyromlacTuyeckue epopmallMn. elastic-plastic deformation. There is the 
CyulecTByeT MpWHUMIMaIbHad BO3MOXKHOCTh —nogsibility of transferring the results of the 
TlepeHoca pe3yJIbTaTOB 9KCIICpHMeHTa Ha 


Nod 


» ( / LF a 
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peasIbHble IPOTHBOYyapHble IJICMeCHTEI. 

Ja Ouyy4aeHHA pe3yiIbTaTOB C y4eTOM 
BJIMAHHA MacilliTaOHOoro dakTopa mpeycTaBuM 
pe3yJIbTaTbI UCIIbITaHMH MOeIeH B- BUTE 
COOTHOINeCHHH MexK]Y KpuTepnHamu rosobus [5, 
6|. B KauecTBe XapaKTepHbIX MapaMeTPOB MO2KHO 
paccMOTpeTb: JJIMHYy 


IWOrOHHOTO yYuUaCTKa, 


paguyc 
CKpy4uHBaHuA cliMpamen R, BeJIM4MHYy BHeINHero 


IIOJBepxKeHHOTO BO3eHCTBHIO |, 
MOrOHHOrO (Ha eJIMHHIY IMHbI) CHJIOBOTO 
Bo3qenctTBua =s#F,, OTHOCHTeJIBHOU 
nedopmMalunu 
IIPOTHBOYapHoro 


BeJIMUHHY 
IMHeEMVHOU 9IKCHEPUMeHTAJIbHOK 
MOJeJIM YCTpOWMCTBa ), 


BeJIM4UMHY OTHOCHTeJIBHOM MHeEUHOU 


nedopMalnu 
yCTpOlMcTBa B yIIpyrow 30He 0,,, HHTerpasIbHBIi 


MOJIeJIM IIPOTHBOYAapHoro 


peel IIDOUHOCTH MaTtepvaJIOB MOJICJIM 


IIpOTHBOyYAapHOroO YyCTpOMCcTBa B 30HE yipyron 


nedopmauuu G, MWHTerpalbHbIi mpeyes 
IIpOuHOcTH MaTepHasIOB MOeuI 
IIPOTHBOYapHOro yCTpOWCTBa B 30HE 
yupyromlactuyeckoh edopMaunu @. B 
pe3ylbTaTe MONy4aHM CJIeqyIOWIMH CIMMCOK 
OCHOBHBIX apaMeTpPos: 
F,1, R, G, ®, 0, 0, (1) 
Pa3MepHocTHu mpecTaBuM, corslacHo 


W3BeCTHBIX 3€KOHOB HW TeOpHu MosoouA, B Bue 
MatTpuupl [7]: 
211 -l1 -'il 
100 1 #1 2) 
—2 0 0 —2 -2 
Be3pa3MepHble lapaMeTpsl @ U O,, B aHHbIi 
OlIpeCIMTeIb HE BKJIFOUCHBI. 
BaxkHoO Olpee@IMTb 4HCHO He3aBMCHMbIxX 


Oe3pa3MepHbIX 3ABHCHMOCTeH, CBA3A@HHBIX C 
aHHOH MatTpuue. OHO paBHO n—-—r=5—2=3, 
rye ry — paur MaTpuupl (2). 

YrToOpi 
KOMIMICKCOB 
CICYIOWMU BUT: 

1 0 -l O -3 


01 0 0 -1 (3) 


cO30aTb 4 CHCTeMy Oe3pa3MepHbIx 


lIpeoOpa3yem MaTDpUILy B 


° S-jyournal.ru 


experiment on real shockproof elements. 

To obtain the results with account to the scale 
effect let’s present the results of the models tests 
in the form of correlations between similarity 
criteria [5, 6]. As characteristic parameters we 
can consider the length of the impacted linear 
area /, the twisting spirals radius R, the amount of 
external linear (per unit length) force action F, the 
value of relative linear deformation of the 


shockproof device experimental model ©, the 


value of relative linear deformation of the 
shockproof device experimental model in the 


elastic zone , , the integral tensile strength of 


materials of a shockproof device model in the 
zone of elastic deformation G, the integral tensile 
strength of materials of a shockproof device 
model in the zone of elastic deformation ®. As a 
result we get the following list of basic 
parameters: 


F,1, R, G, ®, 0, 0, (1) 
The dimensions are presented, according to 
the known laws and theories of similarity, in the 
form of a matrix [7]: 
2 11-1 -i1 
1 00 1 1 (2) 
=2. 1) OO: =Z2 2 


Dimensionless parameters g@ and @,, are not 


included in this. 

It is important to determine the number of 
independent dimensionless dependencies 
connected with a given matrix. It is equal to 
n—-r=5—2=3, where r is the rank of the matrix 
(2). 

To create a system of dimensionless groups 
let’s transform the matrix in the following form: 


10-1 0 -3 
01 0 0 -1 (3) 
00 1-1 0 
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Ucnomp3ya (3) WH HeHCIOb30BaHHbIe paHee 
yIJIOBbI€e BeIMYHHEI HU O,, MpeyqcTaBumM 
CUCTeMy Oe3pa3MeEPHbIX KOMIIJICKCOB TeIIepb B 
(bopMe KpuTepues noz00na: 

ti sinker, Ywd. Yew 
Il, =9, Il, =). (4) 

VuBapuanTHoctb KpuTepnes mo7o0nsa IT), I, 

. , Ils Id MoyeIM UM HaTypbl, paBHOCHJIbHa 
TpeOoBaHuto TeOMeTPHYeECKOrO mo7qooua 
OOBCKTOB. 

IIpu stom Il; MO%#xKHO paccMaTpHBaTb Kak 
aHasIOrM4HbIn 


7]. 
1/R=const wu 


W3BeCCTHbIM 3aKOH Tozo00ns, 


(bopMysupoBKe Kupnuyepa-bapOda-Kuka 
Teometpuyeckuve moyo0OHBIe 
TOJOOHO Harpy2xKeCHHble BHeWIHHM IIOrOHHBIM 


CHJIOBbIM BO32CHCTBHeM F U3 ONHUX Tex Ke 


MaTepHasIoB TOJTy4aroT OJIMHAaKOBbIe 
KacaTeJIbHble Halpsx%KeHHA UU  CJIBUTOBbIe 
edopMaluu, ecm BellM4uHHa  BHeIIHerO 
MOrOHHOTO CUJIOBOTO BO3NCHCTBUA F 


IIpOMOpUMOHaIbHa payuycam ciupasel. 

IIpumMem B KayecTBe OCHOBHOFO XapakTepHOro 
pa3sMepa payiMyc ciuMpanen R u BbIpasuM JWIMHYy 
MlOrOHHOTO yuactka, NOJIBep»KeHHOTO 
BO3JICHCTBHIO / SKCIICDHMeCHTAJIbHOrO OOpa3ila | 


WM HaTypbl 2 Yepe3 OCHOBHON: 


L,=K,R,,  i=1,2. (5) 
Ilostomy MO?KHO IIPCWITOJIOAKUTh, ATO: 
Ll 
L-2-K =K,=K. (6) 


R, R, 
Ilonb3yacb (6), MOXKHO TipesCTaBUTb CHCTeMy 


ypaBHeHHM ylipyrolsactuyeckon yedopmMaunu 
MOjJleIeH B POpMe 


F=——D,, i=1,2,... 
DK 


GR. 4; <y 


D, _ G.R? EG _ 46) + 
3 rs 








D. o\ oo 
Fieaal oe . |=". | > . 7 
BpeqeM Id YeOMeTpHuecKH IMOZOOHbIX 


oOpa3n0B | u 2 MaciiTaObl paquycoB cnupaser 


Ro,  BeIMUMHbI OTHOCHTCJIbHOM JIMHCMHON 
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Using (3) and the unused previously angular 
values o and @,, let’s consider a system of 


dimensionless groups in the form of similarity 
criteria: 


Il,=9, UH; =9,. (4) 
The invariance of the similarity criteria I],, 
IT, 
equivalent to the requirement of geometric 


, Ils for the model and a sample is 


similarity of objects. 

Thus II, can be regarded as a well-known law 
of similarity, similar to Kirpicheva-Barba-Kick 
similar ones 


formula [7]. The geometrical 


1/R =const and similarly loaded with an external 


linear force action F of the same materials receive 
the same shear stresses and shear strains, if the 
value of the external linear force F is proportional 
to the radii of spirals. 

Let’s take the radius of the coils R as a basic 
characteristic dimension, and express the length 
of the linear area exposed to the impact / of the 
experimental sample 1 and the model 2 through 
the main one: 


L=K,R,, i=l, 2. (5) 
Therefore, we can assume that: 
fs ee an a (6) 


R, - k, 

Using (6), we can represent the system of 

equations of elastic-plastic deformation of models 
in the form of: 











=D, i=1,2,... 
2K 
GR; 0; <9, 
D. = ‘i 
i G.R: {0.8 + 
3 0; 
D. o) o 
+—(9; — ® i= zi al 3 » 9; =9,;- (7) 
G, (9 t 4 ql ™ 


Let’s 
samples | and 2 the magnitude of the radii of the 


introduce for geometrically similar 


spirals Ro, the value of relative linear deformation 


— 





nepopmMaywn =, 


IIpOuUHOCTH 


WHTerpasIbHble = pe eJIbI 


MaTepHasIOB MOeJIM 
IIPOTHBOYAapHOrTO yCTpOvicTBa B 30Hax yiipyrou 


WM yupyrommacTuyeckon AepdopmMauun G, u ®, 





R 
R,=—; b, =: Go 
R, , G, 
@D 
Dy = Dio - _ , (8) 
2 m2 


IIpu 9STOM oOrpaHH4MMcaA paccMOTpeHveM 
yYCJIOBMA BHeIMIHerO HarpyKeHHA MOeen, pu 
KOTOPOM OCTAaKOTCA TOCTOAHHbIMUM OTHOIMCHHA 
IIPWJIOXKCHHBIX BHEIIHHX MOFOHHbIX CHJIOBbIX 
BO3CHCTBHH: 


F 
— =F, =const. (9) 
F, 
Ilonmp3ysicb MaciuiTaOamu§ (8), ycuIOBHeM 
IpocTtoro HarpyxXeHua TOpcHOHOB (9) Uu 


TeCOMeTPHYeCKUM MOAOOWeEM, MOXKHO TpuaTb 
ypaBHeHuaM (7) OKOHYAaTeJIbHYIO MOpMy B 
Oe3pa3MepHOM BUHJe: 


] od Z Ty, 
————— ro Iipu ) 0 < 0 , 





(10) 

4 (,00:2) 

a Ve. - 

{ 4(,.:2) | 
=e 7 oo 5 (4,0, — robe )X (11) 


G.RG,R. 2K\  G,G, 


{i (40,2) {eahe) 
Aro) (nono) 





MPH 00, 2 0,,,,9 3 

Fy _ ™y | 
GR or mpu 0, <,3 (12) 

Af, 9m |, Prey _ 

Fy on +b a (2 Pan) as 
GR? 2K 1) gd 

= [1 fe |e 

o,) 9; 

mpu >, 29,5. 


B TOM cyJIyyae, ecm MaciiTaObr (8) He 
ABJIAIOTCA IIPOM3BOJIbHBIMH, a BbIOpaHbl TakKHM 
00pa30M, 4TO 
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o,, the integral limits of shockproof device 


models material strength in the areas of elastic 


and elastic-plastic deformations G, and ®, 





R) = a ; Do ao, G, ce 
R, 0, G, 
@ 
ee eee (8) 
P, 0.9 


Thus we restrict ourselves to consideration of 
the conditions of models external loading, at 
which the relations of the applied external linear 
force impacts remain constant: 

— =F, =const. (9) 
2 

Using scales (8), the condition of simple 
loading of torsion bars (9) and the geometric 
similarity, it is possible to give equations (7) their 
final form in the dimensionless form: 


Fil 2 Tl f 0 f 2 
—__°_=__ = ———= _ pu ) < . (10 


4 (,,,9,0 . 
= DioM u2 i a. | a 
3 | 4 Ce ) } 


=A) “wae = x |CI) 
G,RG,R3 2K G,G, (0, Pro? rn2 ) 


{i (H..2) {tote}, 


re: P,P, 


A(,%:2) (on) 








with od, 2 Dio Par 5 
F, TU), 
= IIpH 0, <0.,; 12 
G,R; VK p 0, O. ( ) 
4 On |, ® 
__ — te a2 -_ x 
F, - - 3 . 4; | G, (4, 0) 





(13) 
bn 


GR? 2K 4 
a {1-8 | ; 
>) 5 


with 9, 29,,. 








In case if the dimensions of (8) are not 


specified, but chosen in such a way that 


) Le = UU Dv Ay ww 





ron]; #021; %@j, 521, (14) 
GyR, Dio D) Ry 
OJHOMUMeHHEIe ypaBHenna (10) u (12), (11) uw C13) 





TOXK]CCTBEHHO COBaqartoT. CooTHomenua (14) 


IIpu ITOM IOSBOJLAFOT Ilo 3aNaAHHbBIM 


XapaKTepHCTHKaM OJHOrO OOpa3ila TOJYIMTb 


XapakTepHCcTHKU Jpyroro 


IIPOCTbIM 
TlepepacuetTom. 


JlevicTBUTeIbHO, CormacHo (8) u (14) 


3 
F F F 
= Be tee i we. C15) 
GR GR F, |G Ik 
B cooTBeTCTBHU Cc ycIOBHAMH HoOWOOnA (4), 


oOpadoTKa pe3yJIbTaTOB MUCHbITaHHH MO eer 
TOPCHOHOB TpOH3BOAMIaCh B KPUHTepvasIbHou 


F I @ 
geile ght} 


QKCHepHMeHTaxX Cc MOeNAMH OOpa3IlOB 
IIPOTHBOYAapHbIX YCTPOMCTB, BbIMOJIHCHHBIX Ha 
OCHOBe cliaBa Cc 39PdeKTOM HamsaTuH dopmpr [8], 








(bopMe 


BapbHpOBaloch Oe3pa3MepHoe  OTHOLIeHHE 
l 

Il,=—. Ocranpusie Kputrepunu noodns 
R 

COXpaHAJIN MOCTOAHHOE 3HadeHHe: 


I, =0,1, I, =I, =0,56. 
HCCKOJIBKHX OIbITOB, WILT OTMCUCHHbIX Ha PHC. ] 


(DHKCHPOBaHHBIX 3HAYeCHHM KpuTepveB NoOA00nA, 
IIOCTpOeHO IIpOcToe KpHTepHasIbHoe ypaBHeHHue 


Ilo pe3ymbTaTam 
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GR’ R 
Ilo Mepe yMeHbIleHvaA Mapametpa_  II> 
HeIMHeMHBIN = (EKT OT  TyacTM4eckoro 


YIIPOUHeCHHA BbIPOKTAaeTcs. 

OTMe4eHO YAOBJICTBOPUTeIbHOe COBMayeHue 
KpuTepueB B 3a7]aHHon oOslacTu 
nedopmMupospanna. HecopnayeHua JIA MOJIeJIbHbIX 
OOpa3ll0OB COCTAaBJIAIOT He Oosee 15 %. OHH MOryT 
ObITb OOBACHEHbI pa3IM4HeM HeuMHeMHOCTU 
yIIpOuHeHHA lIpHu yp yrolmslacTH4ecKHx 
edopMallMaAx B MOJeUAX Ha OCHOBEe crwiaBa Cc 
(DeHOMCHAJIBHbIMH CBOMCTBaMH. HemuHeiHocTh 
KpHTepHasIbHOH 3aBMCHMOCTH B JIaHHOM cCJIy4ae 
ABJIACTCA CJICICTBHEM OCOOeHHOLO HU CiryyaMHOro 


XapakTe¢pa BHCHIHHX CHJI, MpWJIOXKCHHbIX K 
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the homogeneous equations (10) and (12), (11) 
and (13) identically coincide. The relations (14) 
allow with simple recalculation get the 
characteristics of a sample using the specified 
characteristics of another. 


Indeed, according to (8) and (14) 
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In accordance with the similarity conditions 








(4), the processing of tests results of torsion bars 


models was done in criterial form 


as 2 S . In the experiments 
GR’ RG" 


with shockproof device model samples made on 





the basis of an alloy with shape memory effect 
[8], dimensionless ratio IT, = varied. The other 


similarity criteria were constant: 
Il, =0,1, 11, =I, =0,56. Based on the results 
of several experiments for the marked in Fig. 1 
fixed values of similarity criteria a simple 
criterion equation was made 


F / 
4.-5(4] 


With decreasing of the parameter II, the 
effect of the 





nonlinear plastic hardening 
degenerates. 

The satisfactory criteria coincidence in a 
specified region of deformation was found. 
The noncoincidence for the model samples is 
not more than 15 %. It can be explained by the 
difference of non-linearity hardening at 
elastic-plastic deformations in the models on 
the alloy with phenomenal properties. 
Nonlinearity of the criteria dependence in this 
case 1S a consequence of special and 
occasional nature of the external forces applied 


to models. 


a 





MOJeCJIAM. 


IIpH ucnbiraHuu MoOjyeyew U3MeHeHHe 
TeMIlepaTypbl HarpeBa OOpa3ll0OB TakKxKe MO2KeT 
CYII[eCTBCHHO BJIMATb Ha MexaHHyecKuHe CBOHCTBAa 
ciuiaBa c 3d@dekToM namsaTH dopmpl. Bsrodop 
ONTHMaJIBHBIX 


yipaBieHHi WU WapaMeTpoB 


MOoyeled WpospeqeH pv  BapbupoBaHun 


I, R,0,,G Takum oO0pa30m, 4TOOBI OOecreduTB 


W3MCHYMBOCTH KputTepHes oOz0Ons I> u Hs. 
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During models testing the heating temperature 
changes of samples can significantly affect the 
mechanical properties of the alloy with shape 
memory effect. The choice of optimal controls 
and parameters of the models were conducted by 


varying /,R,o,,G to ensure variability of the 


similarity criteria IT, and Is. 


Puc.2 DkKciepHMeHTasIbHble 3HadeHHA Oe3spa3MepHOH CHJIOBONM XapaKTepHCTHKU 


MOJIeIeH B KLPHTepHalIbHOHK (opMe 


Fig.2 Experimental values of the dimensionless power characteristics of the models 


in criterial form 


OOpadotKa 
qMaria30He 


9KCICPHMeHTOB B_ IIMpOKOM 
TemiepaTyp MpoBoyusach B 





' F / 
KDUTCPDUAJIbBHOU MODME = 4s ; 
putep (bop ae f . oy. 


Ha puc. 2 peycTaBieHbl pe3yIbTaTbl 
MCHbITaHHH MOeeH B WMpOKOM jMalla30He 
TeMilepatyp pH (uKCHpOBaHHOM OTHOINeCHHU 
IT, =5,12, ff, =0,1, fZ, =1,53. Mongemu 


BbIMOJIHCHbI B OCHOBHOM M3 THTAaHO-HUKesIeBOrO 
ciiaBa c 9ddmexTrom namaTu dopmpr TH-1 u 
MOJIMypeTaHOBOM OCHOBBI. 
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Experiments processing in a wide temperature 
range was carried out in criterial form 


F l 
GR’ =f[F-%)) 

Fig. 2 shows the results of models testing in a 
wide range of temperatures with a fixed ratio 
IT, =5,12, I, =0,1, 1, =1,53. The models are 
made mainly of titanium-nickel alloy with shape 
memory effect TN-1 and a polyurethane base. 
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Puc. 3. DKcHepHMeHTasIbHad 3ABHUCHMOCThb 3HAdeHU Oe3pa3MepHOH CHJIOBON XapaKTepHCTUKU MOEN 


Il, =FG R™ or senwunusl oTHocutembHol Zedopmayun I], = 0, 


Fig. 3. The experimental dependence of the values of the dimensionless power characteristics of the model 
Il, = FG'R™ on the value of relative strain11, = 9, 


3akio4eHHe. TakuM o0pa30M, OolleHKa 
BJIMAHUA MaciuTaOHOro (bakTopa TIpu 
MOJI@IMpOBaHHH IpOTHBOYapHOrO 93JIeEMeHTAa 


OWe%K bl Ha OCHOBEe cliulaBa c 3PMeKTOM NWaMATU 


(DOPMBI 
BO3MO?KHOCTB 


OOYCJIOBIMBaeT TeEXHHYeCKYI0 


OKCTpanouAUHH pe3ysIbTaTOB 
9KCHEPUMCHTAJIBHBIX MCCIeIOBAHHM Ha WHBIC 
OOBEKTHI WIA POPMHPOBAaHHA MCXOHbIX JAaHHBbIX 
MaTeMaTH4ecKon MOJIeJIM WMHaMuKu 
jedopMalnu 


IIPOTHBOYapHbIX YCTPOMCTB pu cooOsHOeHHu 


yupyronsacTu4eckou 


moOOuA OCOOCHHOCTeM BHEIMHerO Harpy2KeHH4A. 
bu0s1norpamuyeckul CIMCOK. 
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Conclusion. Overall, the estimation of scale 
effects in modeling of a shockproof item of 
clothing on the basis of an alloy with shape 
memory effect leads to technical ability of 
extrapolation of experimental results to other 
objects to generate the mathematical model initial 


data of the dynamics of _ elastic-plastic 


deformation of the shock-proof device with a 


similarity of features of the external loading. 
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